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Abstract 
The high potential recorded by desert of Algeria in terms of sun exposure offers scope to exploit this source of renewable 
energy to answer the needs for water supply and public lighting in isolated populations. Our objective is to guarantee the 
reliability of the photovoltaic power generation equipments located in remote and isolated areas, including photovoltaic 
pumping stations, expected to supply water to local people for human consumption and for livestock from drilling isolated. 
Thus, we are focused particularly on the reliability of these systems and their maintenance in operational mode.  
The introduction of the e-maintenance can reduce cost and time management of equipment, and provide easy access to 
relevant information for the user by freeing up geographical constraints. Our study aims to introduce the techniques proposed 
by the e-Maintenance, to improve the management of the maintenance process. In this project a cooperative distributed 
platform of e-maintenance is proposed, including data acquisition systems, control, maintenance management, diagnosis 
assistance, management of documentation, etc.  An e-maintenance platform is a collaboration platform offering a set of 
software components and software services for maintenance support (integrated and/or distant) all enable maintenance actors 
to find each other, and the information they need, and to be able to communicate and work together to achieve maintenance 
process. In this platform, the process of the various modules must be designed following a process of knowledge 
capitalization and data processing to ensure the diagnosis and prognosis of the pumping system of the Photovoltaic system 
and thus ensure its reliability. This processing chain will be tested in a first time in a mini-solar station to show the feasibility 
of the approach. 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction
Our study concerns the Algerian Sahara, where the population is scattered in rural and / or desert area. The high 
potential on sun exposure is a very good opportunity to have a natural energy to sustain the energy autonomy of 
the population. The exploitation of this source of renewable energy can answer the needs for water supply and 
public lighting for isolated populations. Indeed, this energy can aliment photovoltaic pumping stations or other 
equipments expected to supply water to local people for human consumption and for livestock from drilling 
isolated. The photovoltaic water pumping systems (PVPS) consist of a photovoltaic array, a pumping subsystem 
and a water tank. The photovoltaic cells convert the solar radiation into electric energy, and motor-pump 
transforms electric energy into mechanical energy. Moreover, it is essential to have reliable equipment well 
maintained.  
The energy supply of this segment of the population poses various problems. The performance of the 
photovoltaic pumping destined to supply drinking water in remote and scattered small villages is not good. 
Several critical situations may occur often in the photovoltaic generator, the control panel and display as well as 
at the pumps and compressors. Our objective in this study is to assure the good performance of this equipment in 
terms of reliability, maintainability and availability and our interest is focused particularly on keeping it in 
operational mode.  
All this ultimately leads to the difficulty of interpreting and positioning the defects for the technician of 
maintenance. It is a problem to have good competence in this different place, and to resolve it, we propose to use 
the ICT technology with method of knowledge management to provide a remote competence in maintenance and 
thus to help this technician. Thanks to ICT, Web emergency and Internet, the achievement of maintenance 
services and monitoring can be performed automatically, remotely and through various distributed information 
systems. Our study aims to introduce the techniques proposed by the e-Maintenance in order to improve the 
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management of the maintenance process. The introduction of the E-maintenance can reduce cost and time 
management of equipment, and provides easy access to relevant information for the user by freeing up 
geographical constraints.  
The architecture of e-maintenance platform dedicated to support maintenance applications, includes the 
traditional activities of maintenance such as monitoring, diagnosis and maintenance support [1], [2], [3] and the 
new demands of scalability, communicability, and intelligent maintenance such as CBM (Conditioned-Based 
Maintenance). In this platform, the process of the various modules must be designed following a process of 
knowledge capitalization and data processing to ensure the diagnosis and prognosis of the pumping system of the 
Photovoltaic system and thus ensure its reliability. This processing chain will be tested in two steps: 
the first one is a mini-solar station to show the feasibility of the approach,  
and the second one is a pumping system on site in Ghardaia. 
This paper is organized as follows: section 2 defines the concept of maintenance and the support system. 
Section 3 presents the knowledge management demarche to make a diagnostic support system. Finally, section 4 
describes the Photovoltaic water pumping test bench. 
2. Concept of maintenance and associated support systems: 
Maintenance has a strategic interest in a company and we are looking at all possible maintenance actions that 
can lead a decision. Maintenance is defined by AFNOR as “the combination of all technical, administrative and 
managerial actions during the life cycle of an item intended to retain it in, or restore it to, a state in which it can 
perform the required function”. Another definition in concordance with the first definition is provided by the UK 
Department of Trade and Industry (DTI), defining the maintenance as “the management, control, execution and 
quality of those activities which will ensure that optimum levels of availability and overall performance of plant 
are achieved, in order to meet business objectives”.  
In this project a cooperative distributed platform of e-maintenance is proposed, including data acquisition 
systems, control, maintenance management, diagnosis assistance, management of documentation, etc.  The e-
maintenance platform is a collaborative platform offering a set of software components and software services for 
maintenance support (integrated and/or distant) all enabling maintenance actors to find each other, and the 
information they need, and to be able to communicate and work together to achieve maintenance process. 
In the architecture of e-maintenance, decision tools defined as Web services can store, retrieve information 
from other tools and distribute information to other tools integrated to the system. 
Respecting to this definitions, Rasovska et al. [4] studied the maintenance process and identified four main 
technical and business fields as they were identified in general maintenance process and summarized all 
maintenance process tasks (see Fig 1). 
Detection diagnostic, pronostic 
Resource management 
Maintenance strategy and contract management 
Equipment analysis 
Fig 1 Maintenance layers 
The first field concerns data, information and analysis of equipment, plan expertise or knowledge in regard of 
the equipment. The second layer concerns the application of monitoring, failure detection, diagnostics of faults 
and failures, prognostic of the degradation and decision about repair actions. After their intervention they sum up 
decisions and actions and fill the intervention reports. As we can see, these two fields cover the technical field of 
maintenance process.   
Regarding the business or managerial layers, they are covered by the resource and strategy (contract) 
management. These two layers use technical and financial indicators. These latter come from intervention 
reports done in fault diagnosis and repair phase, but managed in intervention management making part of 
resource management. Beside this resource management manage human and material resources, plans preventive 
maintenance interventions, assure spare parts suppliers contact and stocks. Maintenance strategy or contract 
management decides about maintenance strategy applied to the machine park in general, manages and is 
responsible for maintenance contract with the customer. 
In this paper, the first two layers are developed; they concern equipment analysis and the detection and 
diagnostic phase. 
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3. Principle of the Proposed Methodology to Elaborate Cases of diagnostic  
 The underlying principle of the case elaboration methodology for a diagnostic and repair support system 
development is the knowledge capitalization cycle presented by [4]. 
This cycle is composed of 4 phases: Detect; Preserve; Capitalize; Actualize. It is based on the knowledge 
model integrating the representation and the reasoning model. This integration allows, on one side, to guide the 
domain expertise and to assist knowledge modeling in maintenance. On the other side, this represented 
knowledge can be manipulated by the case-based reasoning in the decision support system. The validity of the 
represented knowledge and its use in the decision support system is thus guaranteed. 
Expertise
Equipment analysis Failure analysis 
Equipment 
decomposition
Functional 
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Failure 
history 
Cause-effect relation Spatial decomposition
Equipment model Failure model 
Ontology
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Descriptor types model 
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Fig 2. The principle of our methodology 
As shown in fig. 2, the methodology cures the lack of expertise in the diagnostic domain by using engineering 
safety tools like FMECA1, functional analysis or failure history. These tools simplify the knowledge 
management by reducing its complexity. Two complementary types of analysis are identified. The first one 
concerns equipment’s and employs techniques of equipment decomposition and functional analysis. It 
determines a hierarchical equipment model. The second one concerns failures and employs the reliability 
concepts such as FMECA and failure history. The expertise issued from these analytical tools is enriched by 
information from intervention reports and then modeled and represented by knowledge engineering techniques. 
In more details, the ontological techniques are used to represent the domain knowledge as well as the problem 
solving concepts, which manipulates this domain knowledge. Two corresponding models, i.e. equipment and 
failure model, make part of the domain ontology created in the ontology editor Protégé2. The third model 
participating in the general ontology proposes CBR (Case Based Reasoning) concepts that handle the domain 
concepts in the general ontology. This allows the system developer to take into account important aspects of 
CBR cycle steps in the case representation. These models can be associated to the terminology of the most 
known knowledge engineering method CommonKADS [5]. This means that the equipment model represents the 
domain knowledge, the failure model represents the inference knowledge and the CBR model corresponds to the 
task knowledge. 
The proposed methodology is applied on a Photovoltaic water pumping test bench described in following 
section. 
4. The Photovoltaic water pumping test bench 
The photovoltaic pumping test bench is located in the Centre for the Development of Renewable Energies 
(CDER) in Algeria. A general view of this system is given in Fig.3.The hydraulic facility is constituted by a 
water well and a water air tank with regulation pressure through an air compressor. 
1 Failure Modes and Effects Criticality Analysis
2 http://protege.stanford.edu
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Fig. 3. Photovoltaic water pumping test facility: (a)general view of the test bench and (b)acquisition measure. 
The proposed methodology described in section 3 is applied here and a case base of the studied equipment is 
built with its associated knowledge model. The case base reflects the experiment by the link of dysfunctional 
mode of component and the cause of this fault, and the action of repair. Indeed, this representation is based on 
the standard definition of diagnostics, which is the following one: “they are the actions carried out for the 
detection of breakdown, its localization and the identification of the cause”.  
A first version of cases base with two knowledge models was built, but needs to be thorough and validated. A 
quick overview of the case base is given hereafter. 
5. Conclusion
A demarche to build an intelligent application based on knowledge management for industrial diagnosis and 
repair in a context of maintenance services is proposed in this paper. It is targeted maintenance operators to 
support them in their daily tasks. This decision tool is developed within the framework of the distributed e-
maintenance platform. The platform brings a major asset to maintenance interventions and maintenance services 
in general by enabling expertise via Internet to be went directly to the user site.  
An initial feasibility study was done on this equipment test, by developing a knowledge-oriented diagnosis 
system using a Case-Based Reasoning (CBR) approach. A diagnostic system by CBR implements an expertise-
base composed of past experiences through which the origins of failure and the repair action are given according 
to a description of a specific situation. The case base reflects the dysfunctional model of the photovoltaic system. 
Diagnosing a new case is done first with a retrieval step using the K nearest neighbor algorithm and then with an 
adaptation step using a specific algorithm, which exploits two models: a functional model of the equipment and 
taxonomy of components. This study needs to be validated and this is the object of our current developments.  
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